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Introduction
============

Over the past decade there has been growing interest in decreasing the volumes of radiotherapeutic treatment post-lumpectomy in breast conservation therapy (BCT). Historically, we have demonstrated the need for post-lumpectomy radiation to optimize local control. Currently, no subset of patients can be successfully identified in whom radiotherapeutic treatment can be eliminated when local control and breast preservation are used as end-points \[[@B1]\]. More recently, we have demonstrated the effectiveness of accelerated partial breast irradiation (APBI) in maintaining excellent local control in select subsets of patients \[[@B2]\]. The methods of APBI have evolved to highly reproducible techniques with excellent quality assurance \[[@B3]\]. Although continued study is important, APBI can be offered as an option to patients who desire an alternative to standard whole breast irradiation. To convince the reader, we examine the history of BCT, the evolution of techniques employed in APBI, the rationale supporting use of APBI, and the growing data pool showing equivalence in properly selected, properly treated patients. In addition, arguments against APBI are examined and critiqued. In defending this advance in treatment, appropriate selection criteria are reviewed, published guidelines discussed, and ongoing research reviewed.

Thoughtful consideration of the history and status of BCT drives the need for better BCT options. Just as it was the perception of a handful of institutions that led away from the one size fits all, mastectomy for everyone dogma, it is a questioning of the status quo of BCT that has led to a more tailored approach. The concept that some patients could undergo lumpectomy plus whole breast irradiation to maintain an acceptable rate of local control and minimize morbidity is evolving into further limitation in the volume treated in select patients. Despite the demonstrated efficacy of BCT, many women are still treated with mastectomy for a variety of reasons, including time commitment, inconvenience, fear of radiation, and treating physician bias \[[@B4],[@B5]\]. Additionally, a growing number of women are avoiding radiation post-lumpectomy despite markedly reduced local control, probably for similar reasons to those that lead to high mastectomy rates \[[@B6]\]. Current Surveillance, Epidemiology, and End Results (SEER) data from the USA demonstrate mastectomy rates of 40-60% nationally, and lumpectomy alone rates of 46% in patients with ductal carcinoma *in situ*who are potential BCT candidates \[[@B7]\]. If our goal is to minimize local therapy on a more individualized basis while maintaining a high breast conservation rate, then a need exists for another treatment option such as APBI, which addresses patients\' and physicians\' concerns over treatment duration and side effects. Shorter treatment courses with more focal side effects may allay issues leading to high rates of mastectomy and/or high rates of lumpectomy alone.

APBI techniques have evolved over time. In the USA brachytherapy is the most commonly employed method, whereas in Europe both brachytherapy and intraoperative electron and photon beam techniques are used. Initially, the US techniques were interstitial catheter based with low-dose rate sources \[[@B8]\], but they have since evolved toward nearly exclusively high-dose rate, image-guided techniques \[[@B3]\]. Data exist that show outstanding target coverage and homogeneity for these techniques \[[@B3]\]. Additionally, a balloon-based interstitial catheter (MammoSite™, Proxima Therapeutics, Alpharetta, Georgia, USA) has been cleared by the US Food and Drug Administration and is now the most widely used form of APBI worldwide \[[@B9]\]. The evolution of the techniques has led to high-quality implants with excellent target coverage and reproducible homogeneity. The most common treatment scheme is 34 Gy in 10 fractions given twice daily, over 5 treatment days to a volume covering the lumpectomy cavity with a margin of 1-2 cm. More recently, US centers have begun exploring three-dimensional external beam techniques as a noninvasive option, despite the requirements for a larger margin and a subsequent higher integral dose to surrounding tissues \[[@B10]\]. The European experience with APBI has included similar brachytherapy based methods but has focused more on single, high-dose intraoperative treatments with either photons or electrons, with the treatment delivered at the time of lumpectomy \[[@B11],[@B12]\]. Techniques performed at the time of lumpectomy have been of less interest in the USA because of lack of knowledge of final pathologic suitability for treatment, unclear radiobiology, and lack of dosimetric quality assurance.

Arguments
=========

Regardless of the technique employed, an APBI approach must maintain equivalence in results in critical end-points including local control, breast preservation, cosmesis, and patient acceptability. Local control and breast preservation rates are obviously linked, and the supporting data for APBI include pathologic studies, historical BCT studies that show a lack of benefit elsewhere in the breast, and a growing single institution database with promising results. First, we examine the pathologic data supporting APBI.

Data from Holland and coworkers \[[@B13]\] have been used to suggest the necessity of whole breast irradiation, but these data are probably not valid in the modern era because of large tumor size, high percentage of palpable lesions, and suboptimal methodology, including simulated tumor excisions, in those series. Studies that are more valid exist that demonstrate a relatively small distance of extension of disease from the main lesion to the pathologically identifiable edge of the lesion. Careful specimen evaluation, as in the studies by Imamura \[[@B14]\], Ohtake \[[@B15]\], and Goldstein \[[@B16]\] and their coworkers, demonstrates tumor extension at distances that are generally quite small and typically covered by the margin of current APBI techniques. These modern series include smaller tumors, more mammographically detected tumors, and more realistic techniques for determining tumor extent. The microscopic extent is typically in the range of 5-15 mm, skip lesions are rare, and extent appears to be age related.

A second argument in favor of APBI is the lack of evidence demonstrating the effectiveness of whole breast irradiation in preventing either local recurrence of the primary tumor outside the tumor bed or the occurrence of future tumors \[[@B1],[@B17]-[@B20]\]. Data from both large randomized trials and single institutional series show that \'elsewhere recurrences\' occur at essentially the same rate as new tumors in the contralateral breast, suggesting that they in fact are new primary tumors (Table [1](#T1){ref-type="table"}) \[[@B1],[@B17],[@B18],[@B21]\]. Because whole breast irradiation does not affect new primary tumors, treating only the site of most local recurrences seems logical.

Finally, giving further support to the use of APBI is the growing body of data from multiple institutions that demonstrates promising local control and cosmesis in properly selected and properly treated patients (Table [2](#T2){ref-type="table"}) \[[@B2],[@B23],[@B31]\]. In a matched pair analysis, Vicini and coworkers \[[@B2]\] recently demonstrated equivalence of APBI to whole breast irradiation. Local recurrence, elsewhere failures, cosmesis, and survival were all identical with a median follow up of 5 years. More than 8 years of follow up in 62 patients revealed no deterioration in outcomes (Vicini F, personal communication). Additionally, the Radiation Therapy Oncology Group study 95-17 \[[@B23]\] demonstrated the ability of multiple institutions to effectively perform similar interstitial catheter-based implants. The results to date with balloon-based brachytherapy have been equivalent, with good tolerance, cosmesis, and no local failures in the initial trial of 43 patients, now with a median follow up of 3 years.

Rebuttal of counter arguments
=============================

Opponents of APBI decry the treatment based on multiple arguments, including survival concerns, selection bias, and lack of adequate studies proving efficacy. Although these concerns are natural for any new treatment paradigm, the arguments appear to be overstated and in some cases contradictory.

First, arguments concerning survival are directly contradictory to those of selection bias and over-treatment of patients who could be observed. The survival argument is based solely on an as yet unpublished meta-analysis of multiple randomized trials of lumpectomy with or without radiation \[[@B24]\]. Using a meta-analysis as sole support for any argument is risky due to methodological concerns. Using a meta-analysis with an arm receiving no radiotherapy as an argument against APBI is clearly flawed. Although absolute equivalence of APBI to standard whole breast irradiation remains to be demonstrated, it would be difficult to deny reasonable efficacy, making a survival disadvantage highly unlikely.

The contradictory argument, that of over-selection of those patients who do not actually need treatment, cannot be supported by the literature. Even well selected quadrantectomy trials show an advantage of radiotherapy \[[@B1]\]. The growing data pool supports treatment of the correct subset of patients (Table [2](#T2){ref-type="table"}). The importance of patient selection and careful treatment delivery cannot be overemphasized. Three negative experiences with partial breast irradiation exist in the literature and all support, by their failure, the concept of careful selection and treatment quality assurance \[[@B25],[@B26],[@B28]\]. The trials used different techniques, including electron beam, iridium, and cesium needle brachytherapy. The details are summarized in Table [3](#T3){ref-type="table"}. The studies share a lack of careful attention to patient selection and/or technique, which would be considered substandard by today\'s guidelines. In general, if a patient is not a good candidate for breast conservation because of their tumor characteristics, then they are not candidates for APBI. In addition, after selection, treatment must be performed with care given to defining and treating the target adequately; otherwise, both local control and toxicity results suffer. Modern image-guided brachytherapy performed with high dose rate remote afterloaders leads to well defined, highly assured dose delivery.

Although additional study is warranted both to demonstrate equivalence and further refine selection criteria, two professional societies have published guidelines for APBI with useful selection criteria (Table [4](#T4){ref-type="table"}) \[[@B28],[@B29]\]. The guidelines are conservative and represent our current state of knowledge of appropriate selection. Both societies recommend enrollment in clinical trials if possible and adequate informed consent in all cases. The process of acquiring informed consent, as discussed by Arthur \[[@B30]\], should include providing the prospective patient with information regarding the status of the evidence supporting APBI.

Conclusion
==========

APBI is gaining acceptance in the management of early breast cancers, and this is related to both improved delivery techniques and from multiple single institutions reporting positive experiences. Studies are ongoing and include an upcoming phase III trial sponsored by the National Surgical Adjuvant Breast and Bowel Project/Radiation Therapy Oncology Group. Hopefully, this trial will offer a definitive answer regarding equivalency and additional guidelines for patient selection. In the 10 years before the data are mature, physicians will need to examine the currently available data and determine whether their patients are appropriate candidates for APBI.
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###### 

Incidence of elsewhere failures from published randomized trials

  Study                   Follow up (months)   Surgery (%)   Surgery + radiation (%)
  ----------------------- -------------------- ------------- -------------------------
  NSABP B06 \[21\]        144                  2.7           3.8
  Milan III \[1\]         39                   1.5           0
  Ontario \[17\]          91                   3.6           1
  Uppsala-Orebro \[18\]   65                   3.7           \-

NSABP, National Surgical Adjuvant Breast and Bowel Project.

###### 

Results of published accelerated partial breast irradiation studies with median follow up of 5 years

  Institution                             Number of patient   Follow up (months)   Local recurrence (%)
  --------------------------------------- ------------------- -------------------- ----------------------
  William Beaumont Hospital \[2\]         199                 65                   1.2
  Ochsner Clinic \[31\]                   45                  75                   2.0
  National Institute of Oncology \[22\]   51                  60                   4.4

###### 

Three trials reporting negative experiences with partial breast irradiation

                                                                                                                                                  Local recurrence   
  --------------------------- ------------------------ ------------------------------------------ ----------------------------------------------- ------------------ -----
  Christies Hospital \[25\]   Electron beam quadrant   No margin, stage, or histologic criteria   No image guidance or verification of coverage   8%                 34%
  Guys Hospital \[26\]        Cs137 MDR, 45 Gy         Positive margins, nodes, EIC               Dose, targeting, and volume issues              NA                 20%
  London Regional \[28\]      Ir192 HDR                Positive nodes, EIC                        Small volume implants                           NA                 16%

EIC, extensive intraductal component; HDR, high-dose rate; MDR, medium-dose rate.

###### 

Published national professional society recommendations for accelerated partial breast irradiation

                    American Brachytherapy Society recommendations 1 \[27\]   American Society of Breast Surgeons recommendations 2 \[29\]
  ----------------- --------------------------------------------------------- --------------------------------------------------------------------------
  Age (years)       \> 45                                                     \> 50
  Diagnosis         Unifocal, invasive ductal carcinoma                       Invasive ductal carcinoma or ductal carcinoma *in situ*
  Tumor size        \< 3 cm                                                   \< 2 cm
  Surgical margin   Negative microscopic surgical margins of excision         Negative microscopic surgical margins of at least 2 mm in all directions
  Node status       N0                                                        N0
